The past decade has seen extraordinary increase in worldwide availability of and access to several large multiple sclerosis (MS) databases and registries. MS registries represent powerful tools to provide meaningful information on the burden, natural history, and long-term safety and effectiveness of treatments. Moreover, patients, physicians, industry, and policy makers have an active interest in real-world observational studies based on register data, as they have the potential to answer the questions that are most relevant to daily treatment decision-making. In 2014, the Italian MS Foundation, in collaboration with the Italian MS clinical centers, promoted and funded the creation of the Italian MS Register, a project in continuity with the existing Italian MS Database Network set up from 2001. Main objective of the Italian MS Register is to create an organized multicenter structure to collect data of all MS patients for better defining the disease epidemiology, improving quality of care, and promoting research projects in high-priority areas. The aim of this article is to present the current framework and network of the Italian MS register, including the methodology used to improve the quality of data collection and to facilitate the exchange of data and the collaboration among national and international groups.
Introduction
Disease registries are well recognized as powerful tools to provide meaningful information on the burden, natural history, and long-term safety and effectiveness of treatments in the Breal-lifep opulation of patients with chronic diseases [1, 2] . Registries can successfully operate by the creation of a network of reference centers and a good collaborative feeling either from clinicians or from patients to assure a high-quality data collection. Moreover, registries need important economical investment to build the structure of the database and the software, disseminate the tool among centers, and maintain and monitor its appropriate use. Registries are receiving increased attention for their potential role in policy-making or decision-making processes for the Electronic supplementary material The online version of this article (https://doi.org/10.1007/s10072-018-3610-0) contains supplementary material, which is available to authorized users. development of appropriate model of care [3] . In recent years, the worldwide availability of several large multiple sclerosis (MS) databases [4] -combined with a growing ability to collect, share, and analyze large amounts of data-are enabling the conduction of real-world observational studies aimed to identify MS prediction models for poor outcome and treatment response/failure, and to evaluate comparative and long-term effectiveness and safety of disease-modifying treatments in current use 2 , issues that cannot be addressed by RCTs. Data collected through registries should be used in prioritizing research and healthcare questions, to focus resources on these high-priority areas would likely accelerate progress in MS and to better leverage limited resources.
MS clinical data sharing initiative has a longstanding tradition in Italy. In 2000, the Italian collection of MS clinical data started at different Italian MS centers in the framework of the Italian Multiple Sclerosis Database Network (MSDN) [5, 6] . This network used the iMed© software's system, a clinical database where more than 500 variables were collected [7] .
Within this frame and in line with the International MS research strategic agenda, since 2013, the Italian MS Society representing people with MS (Associazione Italiana Sclerosi Multipla-AISM) together with its foundation (Fondazione Italiana Sclerosi Multipla-FISM) have been engaged in promoting and funding data sharing initiatives. In 2014, FISM, in collaboration with the Italian MS clinical centers, promoted and funded the creation of the Italian MS Register, a project in continuity with the existing MSDN-iMed© software's clinical database collection.
One of the first expressed purposes of Italian MS Register is to create an organized multicenter structure to collect data of all MS patients (a near population-level) followed in the larger number of Italian MS centers.
The Italian MS Register aims to address high-priority areas pertaining to -public healthcare area: quality of care, health optimization such as economical optimization, social and welfare information, access to healthcare treatments and healthcare services -research area: epidemiology, rare MS disease forms such as, primary progressive (PP) MS, pediatric MS as well as early and preclinical/subclinical disease stages represented by clinically isolated syndromes (CIS) and radiologically isolated syndromes (RIS), treatment optimization such as prognostic factors and predictive models of disease course, adherence to treatments, treatment efficacy, and safety.
The aim of this article is to present the current framework and network of the Italian MS register, including the method of work used to improve the quality of data collection and to facilitate the exchange of data and the collaboration among national and international groups.
Framework and network of the Italian MS register
After completing preparatory phase, the Italian MS Register officially started in January 2015. It is fully financed by FISM and AISM, the MS national charity in Italy.
Governance
The governance of the Italian MS Register includes an Executive Committee (chaired by AISM and University of Bari) with the administrative and organizational role and a Scientific Committee which oversees the scientific initiatives, promotes specific strategic projects, and approves requests of access to centralized data for further research projects. Scientific Committee includes clinicians, methodologists, representatives of MS centers, and of the Italian Neurological Society (SIN).
Technical and Administrative Infrastructure (TAI) is coordinate d by FISM accordingly w ith a Technical Methodological Structure (TMS) based at IRCCS Istituto Ricerche Farmacologiche Mario Negri-Coresearch.
In order to increase the quality of the data collected, a group of 12 research assistants has been ad hoc trained for the project with the objective to foster the collection of good quality data in the Italian MS centers. Each assistant was allocated to one or more centers (depending of the size of the MS center). Research assistants monthly report the activity to the TMS, and at least three/times year, they are involved in meeting to discuss data collected. To meet the strategic priorities of the Italian MS Register, relevant stakeholders, including industries, are engaged through advisory forum.
Through the website of the AISM, each participating center can propose research projects addressing one of the highpriority areas of the register. All the projects are discussed by Scientific Committee before their implementation.
Ethics committee
The Italian MS register was approved by the Ethics Committee of the University of Bari (Italy) as coordinator center and the local ethics committee of all participant centers. Each individual with a diagnosis of MS enrolled is required to sign a written informed consensus to enter into the register.
Since in some of the participant centers data were collected before the starting of the Italian MS Register (through iMed© or other data-entry), according to the local laws and regulations, data collected retrospectively can be also included without informed consent.
MS centers
The medical assistance to MS patients in Italy is mainly delivered by 236 qualified MS centers. The ambition of the Italian Register is to completely represent the MS reality in Italy, so all the 236 Italian MS centers have been contacted by AISM/FISM in order to explore their willingness to participate to the Register project. Of these, 141 (60%) declared the willingness to participate, 47 of them were already using the iMed© and were asked to reverse their data in the new Register. The remaining MS centers were warmly encouraged to join in the Register. The centers were required to include all the MS cases in the Register, to transfer a standardized set of data using local or central database, and to inform people with MS about the Register. Participation in Italian MS Register is voluntary both from the neurologist's and the patient's side.
Data collection
The Scientific Committee agreed, by consensus, on a compulsory common minimum dataset (MDS) consisting of selected information according to the principles of relevance to ensure the collection of sufficient data for the clinical characterization of the single patient. The list of the mandatory variables of interest, identified on the basis of the existing guidelines and the recommendations of the Scientific Committee, ensures -participation of a large and representative number of centers -easy and simple data collection -ability to each center to achieve maximum completeness and quality of data -possible development of linkage procedures with regional information flows of health administrative data (hospital discharges, prescription drugs, ticket exemptions, register of patients, outpatient specialist)
This MDS may be completed with an extension to optional information already available in the iMed© computerized medical folder [8, 9] (Table 1) .
During its first years, the Italian MS Register was based on a client-server solution, thus requiring hardware, software installed on each computer (iMed© software's), and local IT support. At the end of 2016, it has been decided that the Italian MS Register should go web-based to also facilitate the interface with other national and international databases. This improvement of data collection was implemented from 2017. A data coll e c t i o n w e b s i t e i s n o w a v a i l a b l e a t : h t t p s : / / registroitalianosm.it/ where each center can enter the data through a personalized password. Only cases with MDS properly completed are accepted in the database. It is noteworthy that in the Italian MS register, it is possible to check the presence of a unique valid code identifier, through the patient encrypted fiscal code, in order to overcome one of the main issues of large population registers that is the inclusion of the same patient by two or more MS centers where the patient himself had turned to their own care pathway. 
Data monitoring
Data are centrally monitored in order to guarantee a high quality of information collected. Centers are periodically contacted with ad hoc reports with queries on the missing data or inconsistencies among the variables collected. Several quality control tools have been implemented in order to increase the quality and generalizability of data collected. Every 2/3 months per year, all the centers are reached with a report regarding all the data collected and a tailored report regarding each center. Quality controls regard -dates: presence/absence, completeness, anomalies and consistency among all the data collected in the dataset -completeness: overall evaluation of the completeness level of the variables included -accuracy: proportion of variables with value corresponding to their range -consistency: congruency with other variables Moreover, a set of seven performance indicators has been identified and adopted with the aim to improve the quality, completeness of the survey, timeliness, generalization, and representativeness of the collected data ( Table 2 ). For each examined indicator or domain each participating center was awarded with At least one visit within one year of the disease onset in >80% of patients in each center % of patients with at least one visit within 1 year of the disease onset for center > 80% and ≤ 100% 5 points > 60% and ≤ 80% 4 points > 40% and ≤ 60% 3 points > 20% and ≤ 40% 2 points > 0% and ≤ 20% 1 point a score of 5 for the highest performance, while lower scores of 4 to 1 were attributed for progressively lower performance.
State-of-the art of the Italian MS register

MS centers
As reported in Fig. 1, 140 out of 236 contacted centers (60%) declared the willingness to participate (last update May 2018), and 103 completed their ethics committee process for approval and are ready to participate to the data collection. On May 2018, 72 MS centers effectively contributed uploading data. The geographic distribution of the centers is reported in Fig. 1 .
Sample
The increasing temporal trends of the total cohort and sub-cohorts with different follow-up duration (≥ 2.0, 5.0, and 10 years) by May 2018 are reported in Fig. 2 . The same patient was registered in two or more sites in 6.1% of cases. The data counts of the mandatory variables of 44,636 people with MS included in the Register by May 2018 are summarized in Table 3 .
Consistency, completeness, and quality control of data
Twenty-eight variables included in the MDS were selected to evaluate the level of completeness. The percentage of completeness of the examined variables ranged between 30% (duration in days of relapse) and 100% (for 10 of the 28 variables) (Appendix 3).
An example of the quality control for the accuracy and consistency of event dates (presence/absence and/or anomalies among dates) is reported in Appendix 4. The range of the accuracy and consistency was between Fig. 3 . Every 6 months, each participating center receives a report where data and performance indicators of its own center are benchmarked with the whole sample: in this way, each center can assess the most critical performances and the level of improvement with time.
Research activity
A standardized process for applications of research project has been developed. The applications are submitted through https://www.aism.it/bandiregistro website after registration of the project manager. Firstly, the feasibility of proposals (i.e., variables availability, completeness of data, size of the sample, etc.) is assessed by TMS. Then, the members of the Scientific Committee assess the proposals according to scientific quality, value of the project, and alignment with priority areas of the Register. Up to now, 14 research projects addressing one of the high-priority areas of the Register have been proposed and discussed by the Scientific Committee. The 12 approved projects cover the following research areas: epidemiology; prognostic factors, and predictive models of disease course: adherence, efficacy, and safety of the treatments.
Discussion
Patient registries gather valuable long-term patients' information from the real world which are useful to a wide range of purposes: to better define the disease epidemiology within specific geographic areas, understand the social and economic impact of a disease; to provide the national regulatory authorities findings to make relevant decisions about focused healthcare programs improving quality of healthcare; to improve the care of MS patients; to provide updated information on the evolution of MS in large cohorts of patients; and to better evaluate the impact of DMTs in real life. Concerning MS, some large-scale national and international registries and databases are currently in use with different aims and designs [4, [10] [11] [12] [13] [14] [15] [16] [17] .
Italy is an area with medium-high prevalence of MS, which is estimated from 122 to 232 cases/100,000 in the mainland and Sicily and from 280 to 317 cases/100,000 in Sardinia. Applying an extrapolation to the Italian population in 2015, about 110,000 MS patients are estimated in Italy [18] .
In 2000, the Italian collection of MS clinical data started at different Italian MS centers in the framework of MSDN [5, 6] allowing the production of a number of scientific research papers [19] [20] [21] [22] [23] [24] [25] . In 2014 FISM, in collaboration with the Italian MS clinical centers, promoted the creation of the first Italian MS Register.
In light of a practical guidance in setting up patient registries [1], the Italian Register answers four main expectancies: (1) it allows to collect reliable data for monitoring and evaluating patient care, and to promote research projects (the Whymission and goals); (2) it has a clear and functional governance structure that aligns the objectives of the register and agrees with stakeholders (the Who-stakeholders and funding); (3) it can easily collect specific data by means of a minimum data set which reliability and validity has been carefully verified, thanks to a sound network of Italian MS centers (the What-type and content); (4) patients are well identified and recruited by centers with proven expertise in the field of MS, whose data are protected, handled, and analyzed by a technical structure with proven expertise in the field data management (the Howidentification and recruitment of patients, data handling).
The mission of the Italian Register project is not limited to assure quality healthcare for patients with MS but also to promote research projects addressing high-priority issues. At present, 12 research projects are ongoing using the data collected through the register.
With reference to a recent workshop on MS patient registries, we think that the so conceived Italian Register is already responding to the main recommendations expressed by the experts [25] . We detail below the seven recommendations, how we currently deal with them, and what we aim to do to improve their managing and development.
Recommendation 1 (Create a federated network of cohorts). Our Italian MS Register is based on an already existing network of MS centers. Anyway, 140 out of the 236 Italian MS centers agreed to join in the Register project; thus, at the present, the Italian Register contains the records of about 50,000 MS patients, which is 40% of the expected coverage of Italian MS population. MS centers that did not contribute to the initial phase of data collection and revision are now invited to take part into the initiative to ensure the full coverage of the Italian MS population. Recommendation 2 (Standardize data collection and management). We have defined a set of MDS required to include for each patient to ensure the collection of sufficient data for their characterization. MDS allows us to record data in a standardized way. The support of research assistants, trained ad hoc, improves the management of data and their quality. In the future, the activity of research assistants should be strengthened and extended to the majority of MS centers, in order to enrich the database not only quantitatively but also qualitatively.
Recommendation 3 (Identify and prioritize research questions). Our Scientific Committee has identified research questions, giving them different priorities. The topics on which researches will be focused might change in future, according to the debate with MS centers, scientific societies, health authorities, and stakeholders.
Recommendation 4 (encourage collection of physicianand patient-reported outcomes). We will encourage, through scientific societies and media tools, people involved in MS management to join in the Italian Register project. Neurologists could be further encouraged by the prospective to make use of the register network to exploit researches addressing one of the high-priority areas of the Register.
Recommendation 5 (encourage technological innovation). Our Register already employs an ad hoc database. In a short time, specific additional database (for pediatric MS, pregnancy, MRI) will be available, as well as a dedicated Internet platform to facilitate data inclusion and transmission.
Recommendation 6 (develop a universal informed consent process). We have defined an informed consensus that must be signed to enter in the Italian Register. Anyway, given the wide differences among the laws that rule ethical issues in different nations, to get to informed consent universally shared is quite unrealistic.
Recommendation 7 (provide sustainable funding). The Register needs important economical investments to be disseminated and maintained. At the moment, the Register is funded by FISM and other donors, including pharmaceutical companies engaged through advisory forum.
For several research purposes, although cohort studies and registries typically include considerable numbers of patients, analyses are often limited by poor statistical power owing to insufficient numbers of patients. This is true for many aspects of real-world analysis.
As a consequence, in the past 10 years, a fruitful collaboration between MSBase and some Italian centers was established: individual MS centers (10/140), belonging to the MS Database Network, and currently belonging to the Italian MS Registry, shared, on annual or biannual basis, their data with the MSBase Registry for collaborative scientific projects. Currently, since an Italian MS Registry has been set up with new rules, the collaboration with MSBase, and other European registries will occur through data sharing for specific and agreed projects. Individual centers will remain free to collaborate with MSBase or other registries for specific projects, but not by releasing data regularly and independently of them, and they must notify their participation in these projects to the Scientific Committee in order to avoid overlap with projects already underway in the Italian Registry. This new approach will extend collaborations, keeping the identity of the Italian registry separate from that of MSBase or other registries.
Over the past 3 years, representatives of five leading MS registries (including the Italian, Danish and Swedish MS registries, French Observatoire Française de Sclérose en Plaque network and the international MSBase) have been working together to explore opportunities for data sharing, so called BigMS Data group project. Combined, the five registries collect longitudinal data on > 150,000 patients with MS. To date, the BigMS Data group has identified and agreed on a minimal set of parameters and initiated three pilot projects with joint data.
These efforts need to overcome challenges of technical, ethical, legal, and political nature, but over long term, they are hoped to be of significance. The key findings in international registries should be also utilized in conjunction with data from clinical trials to optimize treatment and improve long-term outcomes.
In the next future, it would be desirable a larger use of MS disease registries for the post-marketing drug safety assessment (i.e., post-approval Safety-PASS-project recently proposed by EMA). Indeed, large disease registries, unlike drug registries, can include information not only on products or procedures of interest but also on similar patients who receive other treatments, other procedures, or no treatment for the same clinical indications allowing a better evaluation of event rates, consequences of long-term use, and/or effects of various combinations and sequencing of treatments. Moreover, the use of disease registries may provide a better understanding of the effects of comorbidity on effectiveness and safety of DMTs.
